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ABSTRACT 
The biomass of the submersed macrophytic vegetation in four 
hydrilla (Hydrilla verticillata Royle) infested lakes in central 
Florida was monitored for one year. Lake Orienta and Little Lake 
Fairview received 2,320 and 960 grass carp, respectively, while 
Clear Lake and Lake Mann did_ not receive grass carp. Hydrilla was 
eliminated in Lake Orienta within six months of stocking; the lake 
was stocked at 19 grass carp/mt hydrilla (45 fish/ha). Hydrilla 
was not eliminated from Little Lake Fairview which contained 9 grass 
carp/rot hydrilla (30 fish/ha). The growth of hydrilla was restricted 
in Little Lake Fairview which produced 0.380 mt hydrilla, dry organic 
wt., in contrast to Clear Lake and Lake Mann in which annual net 
primary production was 0.728 and 0.880 mt organic matter/ha, re-
spectively. The rate of hydrilla growth was greater in the two 
unstocked lakes. 2 Clear Lake produced 0.31 g/m /day, dry organic wt., 
while the net primary productivity of hydrilla in Lake Mann averaged 
2 0.38 g/m /day. The net primary productivity of hydrilla in Little 
Lake Fairview was 0.14 g organic matter/m2/day. 
Three species (in addition to hydrilla) were common to Little 
Lake Fairview and Lake Mann and provided the only data upon which 
to base an assessment of the effects of the grass carp upon non-
target species. Pondweed (Potamogeton illinoensis Morong.) and 
stonewort (Nitella sp.) were more abundant and more widely distribut-
ed in Little Lake Fairview than in Lake Mann. The poor representat-
ion of pondweed and stonewort in Lake Mann was attributed to 
competitive pressure exerted by hydrilla which comprised 83%, by 
weight, of the annual mean biomass of submersed macrophytic vegetat-
ion. In comparison, hydrilla comprised 74% of the annual mean bio-
mass in Little Lake Fairview. The effect of the grass carp in 
Little Lake Fairview may have been to ease the competitive pressure 
exerted by hydrilla, allowing pondweed and stonewort to remain well 
established. 
The percentage frequency of occurrence was concluded to be 
a poor criterion for measuring changes in the hydrilla population. 
Changes in biomass as great as 900% resulted in no change in the 
percentage frequency of occurrence of hydrilla in Lake Mann. 
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INTRODUCTION 
Hydrilla (Hydrilla ·verticillata Royle) is a submersed aquatic 
angiosperm in the family Hydrocharitaceae. Since its introduction 
in 1960 (Blackburn et al. 1969) hydrilla has become the most trouble-
some aquatic weed infesting the fresh waters of Florida. Roote·_d .. in 
the hydrosoil, hydrilla grows upward through the water column toward 
the surface where it continues its growth horizontally, forming a 
dense entangled canopy. The canopy intercepts much of the incoming 
solar radiation, allowing hydrilla to replace native submersed 
macrophyte species having more stringent light requirements (Haller 
and Sutton 1975), and may provide habitat for disease carrying 
insects (Michewicz et al. 1972; Custer et al. 1978). Dense infestat-
ions of hydrilla interfere with recreational and commercial uses of 
lakes and waterways rendering them virtually useless for swimming, 
boating, fishing, irrigation, or drainage (Blackburn et al. 1969; 
Custer et al. 1978). Dense hydrilla may cause gamefish populations 
to bec0me larger bu~ comuosed of stunted individuals. Protected 
by t he vegetation, an abundance of forage fish and gamefish survive 
to adulthood increasing the competition for limited food supplies 
(Shireman et a.l. 1978). 
Traditional chemical and mechanical methods of aquatic weed 
control are not effective at eliminating hydrilla due to its many 
means of reproduction. Hydrilla reproduces from rhizomes, stolons, 
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fragments, tubers, and turions. Mechanical harvesters and herbicides 
are generally not capable of complete eradication of submersed 
vegetation and often leave behind viable stolons, rhizomes, and 
fragments from which regrowth may occur (Sculthorpe 1967; Langeland 
and Sutton 1980). The tubers and turions allow hydrilla to survive 
freezing water temperatures and endure periods of drought, as well 
as evade chemical and mechanical control (Haller and Sutton 1975; 
Miller et al. 1975). While mechanical removal of vegetation and 
the application of herbicides may reduce the extent of an infestation, 
they offer only temporary relief (Sculthorpe 1967; van Zon 1977; 
Sutton 1977). 
The grass carp, Ctenopharyngodon idella Valenciennes, was 
introduced into Florida in 1970 to be studied as an alternative to 
conventional methods of aquatic weed control (Sutton 1977). If 
successful, the grass carp would offer a means of eliminating 
hydrilla while providing secondary control of reinfestation from 
tubers and turions. Numerous studies utilizing a variety of 
stocking rates in central Florida lakes and ponds have been in-
conclusive as to how many grass carp are necessary to control 
hydrilla. For example, stocked with 49 grass carp/ha, hydrilla 
was eradicated from Clear Lake (Pasco County), Lake Bell, and Lake 
Holden, however, hyurilla was not eliminated from Lake Wales when 
stocked with 83 fish/ha (Shireman et al. 1978). A number of variables 
~rust be addressed before an optimal stocking density can be determined 
for the consistant elimination of hydrilla with grass carp. These 
variables include, climatic conditions, which in turn affect the 
rate of hydrilla growth and the feeding activity of the grass carp 
(Hickling 1965; Prowse 1971; Michewicz et al. 1972; Sutton 1974; 
Edwards 1974), the size of the grass carp (Sutton 1974; Osborne and 
Sassic, in press), the presence of other aquatic macrophyte species, 
and the quantity (biomass) of the hydrilla to be controlled. 
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The lack of an accurate method of estimating hydrilla biomass 
has prevented the analysis of this variable in hydrilla control 
research. Recently, an accurate method of monitoring changes in 
submersed plant populations was established (Osborne and Sassic 1979) 
and was used in this study to monitor the submersed macrophytic 
vegetation in four hydrilla infested lakes, two of which were stocked 
with grass carp. The objectives of this study were to assess the 
effectiveness of the grass carp at eliminating hydrilla while deter-
mining their effect upon submersed macrophyte species other than 
hydrilla, utilizing plant biomass as the criterion, and to identify 
any relationship between the stocking rates and plant biomass that 
could facilitate future stocking programs. 
METHODS AND MATERIALS 
Four eutrophic, hydrilla infested lakes, located in central 
Florida, were selected for the study. Lake Orienta (Seminole County), 
Little Lake Fairview, Clear Lake, and Lake Mann (Orange County) are 
shallow solution basins with surface areas of 52.5 ha, 32.1 ha, 
137.0 ha, and 98.8 ha, respectively. The average depths of the 
four lakes range from 2.6 m to 4.4 m while the maximum depths vary 
from 8.5 m to 10.0 m. The sediment in each of the lakes is sand 
covered by a rich organic sapropel with the exception of the south-
eastern portion of Little Lake Fairview in which the sediment con-
sists of sand. Each lake is located in an area of residential and 
_commercial development with private homes, condominiums or apartment 
complexes lining much of the shoreline. The greatest distance 
between any two of the lakes is between Lake Orienta and Lake Mann 
which are 19 kilometers apart. Due to the proximity of the lakes 
to one another, they are subjected to nearly identical climatic 
conditions. 
Submersed vegetation was sampled in each of the lakes at sixty 
randomly selected stations, monthly, from March, 1979 to March, 1980. 
Sampling sites were chosen from a numbered grid overlayed on a map 
of each lake (Figures 1 - 4) with each grid square representing a 
a possible sampling site. Vegetation samples were collected with 
a submersed aquatic plant sampler described by Osborne and Sassic 
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(1979). The 110 kg sampler was operated with a winch and cable 
system mounted on a pontoon boat (Figure 5). The falling sampler 
cut and collected submersed vegetation on its descent through the 
water column before it penetrated the sediment. The sampler was 
closed and returned to the pontoon boat deck where the vegetation 
was removed and placed into nylon mesh bags. Plant samples consist-
ed of all macrophytic vegetation within a column of water with an 
~ 
area of 0.25 mL and a depth equal to the water, in addition to the 
roots from the hydrosoil. 
Each plant sample was washed at the lake from aboard the 
pontoon boat and rewashed to remove sediment prior to weighing. 
Excess water was removed by spinning the samples in a garment wash-
er at 540 rpm for 4 min. Samples were sorted by species and weighed 
to the nearest 0.001 kg on an Ohaus Model 1650 triple beam balance 
to determine the fresh weight per unit area (kg/m2). 
The percentage of stations at which a species was collected 
(percentage frequency of occurrence) was obtained by dividing the 
number of stations at which a species was found by the total number 
of stations sampled and multiplying by 100. 
Annual net primary production, the net increase in biomass 
expressed as dry organic weight per unit area (mt/ha), was deter-
mined by subtracting the spring low mean biomass from the seasonal 
maximum biomass and multiplying by 10. 
Net primary productivity, the increase in biomass expressed as 
dry organic weight per unit area per unit time (g/m2/day), was 
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determined by subtracting the mean biomass of a species at time (1) 
from the mean biomass at time (2) and dividing by the number of days 
between sampling dates. 
Dry organic weight (ash free) was calculated by subtracting 
the ash weight from the total dry weight (Westlake 1965). The dry 
weight of a species was calculated from the fresh weight using a 
correction factor determined from drying subsamples at 105 C until 
a consistent weight was obtained. An ash weight correction factor 
was determined for each species by burning the previously dried 
subsamples in a muffle furnace at 550 C for 4 hrs. Weights were 
recorded to the nearest 0.001 kg. 
Annual mean biomass distribution maps were constructed to 
illustrate the distribution and biomass of the dominant macrophyte 
species in each lake. The annual mean biomass of each species was 
determined for each station (grid square). A dot with a diameter 
proportional to the annual mean biomass was positioned in the proper 
grid square on a map of the lake. The size and location of the dots 
represented the annual distribution and abundance of the species. 
Water temperature at 1.0 m below the surface was measured at 
randomly selected sites using a Whitney Model TC-5C underwater 
thermometer. Water depth was measured at each station with a weight-
ed line. 
Lake Orienta was stocked with 2,320 grass carp, 45 fish/ha, 
and Little Lake Fairview was stocked with 966 grass carp, 30 fish/ha, 
on March 7, 1979, by the Florida Department of Natural Resources. 
The mean weight and total l~ngth of the two groups of fish were not 
significantly different (Table 1). Clear Lake and Lake Mann were 
not stocked with grass carp and were used for comparison (not as 
controls) to the stocked lakes. 
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Figure 1. Sampling grid for Lake Orienta, Seminole County, Florida. 
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Figure 2. Sampling grid for Little Lake Fairview, Orange County, 
Florida. 
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Figure 3. Sampling grid for Clear Lake, Orange County, Florida. 
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Figure 5. Operational sketch of the submersed aquatic plant sampler 
(Osborne and Sassic, 1979). 
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Table 1. Mean length and we.ight of grass carp stocked into Lake 
Orienta and Little Lake Fairview, Harch 7, 1979. 
L. Orienta 
Number stocked 
Density (No./ha) 
Number sampled 
Mean weight (g)a 
b Standard length (em) 
Total length (em) 
a + t-'Iean weight - standard error 
b + Mean length standard error 
2400 
45 
78 
+ 684.6 - 85.3 
+ 30.6 - 1.3 
38.9 ~ 1.6 
2.39 
1.16 
L. L~ Fairview 
960 
30 
51 
622.6 + - 86.2 
30.9 ~ 1.6 
37.5-: 1.5 
2.11 
1.18 
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RESULTS AND DISCUSSION 
Except for Lake Orienta, seasonal changes in hydrilla biomass 
were similar among lakes (Figure 6,7). In each lake, a low biomass 
in spring was followed by a period of rapid linear growth, ending 
with the seasonal maximum biomass. The seasonal maximum occurred in 
November in Little Lake Fairview, in December in Lake Mann, and in 
November in Clear Lake. In Little Lake Fairview the seasonal maximum 
2 biomass of hydrilla was 0.905 kg/m , fresh weight, or approximately 
three-fifths the seasonal maximum in either of the unstocked lakes. 
The seasonal maximum biomass of hydrilla in Clear Lake was 1.583 kg/m2 
or nearly identical to that of Lake Mann which was 1 . 525 kg/m2 . 
Following the seasonal maximum, hydrilla biomass decreased 
rapidly in Clear Lake and Lake Mann, but decreased more gradually 
in Little Lake Fairview. An erratic declining trend spanning four 
months returned the hydrilla biomass in Clear Lake to its initial 
(March, 1979) level, while in Lake Mann, a two month declining trend 
resulted in a final mean biomass in February, 1980, significantly 
greater (P ~ 0.005) than the initial mean biomass in March, 1979. 
Hydrilla biomass did not change significantly from February to March , 
1980, in Lake ~1ann. In Little Lake Fairview, hydrilla biomass de-
creased over a period of four months resulting in a final mean biomass 
in March, 1980, ne2rly identical to that of March, 1979. Hydrilla 
biomass remained virtually unchanged from March to May in Lake 
Figure 6. Monthly mean biomass (kg/m2 - FW) of hydrilla in Lake 
Orienta (top) and Little Lake Fairview (bottom) from 
March, 1979, to March, 1980. Vertical lines represent 
95% confidence intervals. 
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1.50 
1. 00 
0 .50 
1979 1980 
2.00 Li1tle Lake Fairview Hydrillc verticillate Biomass 1979- 80 
1.50 
1.00 
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M A M J J A s 0 N 
1979 t980 
Figure 7. Monthly mean biomass (kg/m2 - FW) of hydrilla in Clear 
Lake (top) and Lake Mann (bottom) from March, 1979~ to 
March, 1980. Vertical lines represent 95% confidence 
intervals. 
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0.!50 
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2.00 Lake Mann Hydn lta vert ici llate Biomass, 1979-80 
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1979 1980 
Orienta, however, a rapid decrease in biomass occurred from May to 
July, and by August, 1979, hydrilla was eliminated (Figure 6). 
The decrease in hydrilla biomass in Little Lake Fairview and 
17 
in Lake Mann was probably due to the cool water temperatures (Table 2) 
and short dayl~ngths of late fall and winter. Winter declines are 
common among aquatic macrophytes (Westlake 1965; Wetzel 1975) and 
a decrease of hydrilla biomass through fall and winter has been 
documented in a hydrilla infested lake in central Florida (Osborne 
and Sassic 1979). The erratic growth of hydrilla in Clear Lake 
may have been the result of nutrient or light limitation during the 
summer months, when biomass was most dense. During the winter months, 
cold water temperatures and shorter photoperiods may have been the 
major factors causing the decline in biomass. 
The rapid decrease in biomass and subsequent elimination of 
hydrilla from Lake Orienta was clearly the result of grazing by the 
grass carp. This dramatic difference in hydrilla control, as compared 
to Little Lake Fairview, was attributed to the number of fish 
available to consume each metric ton of hydrilla rather than the 
number of grass carp/ha surface area, in each lake. Lake Orienta and 
Little Lake Fairview contained 119 and 103 mt hydrilla, respectively , 
when they were stocked in March, 1979. Lake Orienta received 2,320 
grass carp, 45 fish/ha, or approximately 19 grass carp /mt hydrilla 
(fresh weight), \vhile Little Lake Fairview, which was stocked w·ith 
966 grass carp, 30 fish/ha, contained only 9 grass carp /mt hydr i l l a. 
Lake Orienta contained more than twice the number of grass carp 
stocked into Little Lake Fairview, to consume the same quantity of 
18
 
T
ab
le
 2
. 
M
on
th
ly
 w
a
te
r 
te
m
pe
ra
tu
re
s 
in
 L
ak
e 
O
ri
en
ta
, 
L
it
tl
e 
La
ke
 F
ai
rv
ie
w
, 
C
le
ar
 L
ak
e,
 a
n
d 
La
ke
 M
an
n.
 
R
ea
di
ng
s 
w
e
re
 
ta
ke
n 
a
t 
o
n
e
 
m
e
te
r 
be
lo
w
 t
he
 s
u
rf
ac
e 
a
n
d 
re
po
rt
ed
 a
s
 
de
gr
ee
s 
c
e
lc
iu
s.
 
M
on
th
 
La
ke
 O
ri
en
ta
 
L
it
tl
e 
La
ke
 F
ai
rv
ie
w
 
C
le
ar
 L
ak
e 
La
ke
 M
an
n 
M
ar
ch
, 
19
79
 
17
.0
 
18
.0
 
18
.0
 
18
.0
 
A
pr
il
 
20
.0
 
22
.0
 
24
.0
 
25
.0
 
M
ay
 
25
.0
 
25
.0
 
25
.0
 
26
.0
 
Ju
ne
 
29
.0
 
28
.5
 
28
.0
 
26
.0
 
Ju
ly
 
29
.0
 
29
.0
 
29
.0
 
30
.4
 
A
ug
us
t 
30
.3
 
30
.6
 
28
.3
 
26
.9
 
Se
pt
em
be
r 
28
.7
 
28
.7
 
29
.8
 
28
.1
 
O
ct
ob
er
 
26
.1
 
26
.0
 
25
.9
 
24
.7
 
N
ov
em
be
r 
-
-
23
.3
 
23
.3
 
23
.5
 
D
ec
em
be
r 
17
.5
 
19
.0
 
17
.8
 
21
.0
 
Ja
nu
ar
y,
 1
98
0 
-
-
14
.5
 
13
.8
 
15
.6
 
Fe
br
ua
ry
 
14
.1
 
14
.0
 
14
.8
 
15
.6
 
M
ar
ch
 
18
.5
 
17
.6
 
18
.9
 
18
.4
 
19 
hydrilla. With 19 fish/mt hydrilla the rate of hydrilla consumption 
exceeded the net primary productivity of hydrilla in Lake Orienta, 
and it was eradicated. Nine grass carp/mt hydrilla were not able to 
consume the plant at a rate faster than its net primary productivity 
in Little Lake Fairview. 
While hydrilla was not eradicated from Little Lake Fairview, 
its growth was restricted. The annual net primary production of 
hydrilla in Little Lake Fairview was 0.380 mt organic matter/ha, or 
less than half that measured in Lake ~~nn which produced 0.880 mt/ha 
(Table 3). Clear Lake produced 0.728 mt hydrilla/ha, dry organic 
weight, or nearly twice the annual net primary production of hydrilla 
in Little Lake Fairview. The rate of hydrilla production, the net 
primary productivity, was more than three times greater in the 
unstocked lakes than in Little Lake Fairview. The net primary pro-
ductivity of hydrilla in Clear Lake averaged 0.31 g organic matter/ 
m
2/day during an eight month growing season, while an average of 
0.38 g/m2/day was produced in Lake Mann over a period of eight months 
(Table 3). In contrast, an average of 0.14 g/m2/day, dry organic 
weight, was produced over a period of seven months in Little Lake 
Fairview. 
Seasonal changes in the biomass of aquatic macrophytes often 
follow a sigmoidal growth curve from the initial biomass in spring 
to the seasonal maximum (Westlake 1965; Wetzel 1975). Losses 
from the initial biomass as well as losses from the annual regrowth 
.of a species, prior to the seasonal maximum biomass, result in an 
20 
Table 3. Net primary productivity (g/m2/day dry o_rganic wt.) and 
annual net primary production (mt/ha dry organic wt.) of 
hydrilla (Hydrilla verticillata Royle) in Lake Orienta, 
Little Lake Fairview, Clear Lake, and Lake Mann. 
Net primary Annual net primary 
Lake productivity (g/m2/day) production (mt/ha) 
Lake Orienta 0.12 0.043 
L. L. Fairview 0.14 0.380 
Clear Lake 0.31 0.728 
Lake Mann 0.38 0.880 
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underestimation of the annual net primary production, as determined 
by changes in biomass (Westlake 1965). Since .net primary pro-
ductivity is the annual net primary production expressed on a daily 
basis, it too would be lower than if no losses had occurred. The 
low seasonal maximum biomass, the small annual net primary product-
ion, and the low net primary productivity of hydrilla in Little Lake 
Fairview were attributed to losses of biomass, prior to the seasonal 
maximum, to grazing by the grass carp. 
Hydrilla has been eliminated from Florida lakes and ponds, by 
grass carp, prior to this study. Hydrilla was eradicated from small 
earthen ponds stocked with 137 and 360 grass carp/ha in an early 
study by Sutton (1974), and approximately 245 grass carp, 116 fish/ha, 
eliminated hydrilla from a 2 . 1 ha pond in Broward County, Florida 
(Beach et al. 1976). Stocked with 49 grass carp/ha, hydrilla was 
eliminated from Clear Lake (Pasco County), Lake Bell, and Lake Holden, 
which ranged in size from 34 to 102 ha (Miley et al. 1979). In 
each of these lakes and ponds the number of fish stocked was adequate 
to result in a rate of hydrilla consumption that exceeded the rate of 
hydrilla production. 
In contrast, hydrilla was not eliminated from Lake Baldwin which 
was stocked with 4,999 grass carp, or approximately 65 fish/ha 
(Shireman 1980). Lake Wales received a total of 5,000 grass carp 
after an initial stocking of 11,053 fish, 83 grass carp/ha, and a 
second stocking of 375 grass carp/ha, more than three years later; 
hydrilla was not eliminated (Shireman et al. 1978). At 39 grass 
carp/ha, hydrilla was not eradicated from Little Lake Barton which 
received a second stocking of 1~ grass carp/ha (80 fish) after a 
fish kill resulted in th~ loss of 42 of the or~ginal 174 grass carp 
stocked (Osborne and Sassic 1979). 
For lack of a better criterion, stock~ng rates have typically 
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been based upon the surface area of the hydrilla infested lake or pond. 
The underlying assumption to this practice is that there is a strong 
relationship between the surface area of a body of water and the 
quantity of hydrilla it contains. The assumption does not hold true 
for hydrilla infested lakes in central Florida. For example, in 
March, 1979, Lake Mann contained 149 mt hydrilla (fresh weight) while 
Lake Orienta contained 119 mt; the surface area of Lake Mann is 
nearly twice that of Lake Orienta. The successful elimination of 
hydrilla by stocking grass carp against surface area is a matter of 
chance. 
In addition to knowing the quantity of hydrilla to be controlled, 
the size of the fish and number of that size required to exceed the 
net primary productivity of a known quantity of hydrilla, must be 
determined. The size of the grass carp is a critical factor. If 
stocked too small, many grass carp become prey to carnivorous fishes , 
and for this reason, some authors recommend stocking fish 0.5 k g or 
larger (Sutton 1977; Miley et al. 1979). However, grass carp consume 
less vegetation as they become larger (Osborne and Sassic, in press ). 
Therefore, grass carp must be stocked at a size sufficient to 
avoid predation, yet small enough that they are effective grazers . 
The number of fish of a given size necessary to control a known 
quantity of hydrilla must be determined empirically. 
The number of fish of a given size necessary to control a known 
quantity of hydrilla must be determined empirically. 
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The time of stocking is another important factor affecting the 
stocking rate of grass carp. To use the minimum number of fish but 
obtain maximum hydrilla control (elimination}, grass carp should be 
stocked in spring when hydrilla biomass is at its seasonal low, 
typically in March or April. For example, fewer grass carp would be 
required to achieve 19 fish/mt in Lake Mann in April when the lake 
contained 123 mt hydrilla, than in October when it contained 1,032 mt. 
The lack of success of previous stocking programs was probably the 
result of failure to address one or more of these critical variables, 
i.e. hydrilla biomass, the size of the grass carp, or the time of 
stocking. 
The biomass of regularly occurring non-target submersed macro-
phyte species varied greatly from month to month which obscured trends 
in their growth. The monthly biomass data were pooled to obtain sea-
sonal biomass means from which histograms were constructed. Seasonal 
growth trends of the better established species were then discernible. 
Hydrilla was the dominant species in each of the four study lakes, 
throughout the year. It comprised nearly 100% of the annual mean 
biomass (fresh weight) of the submersed macrophytic vegetation in 
Lake Orienta and Clear Lake, and constituted 74 and 83%, respectively, 
of the annual mean biomass in Little Lake Fairview and Lake 11ann 
(Table 4). Trace quantities (less than 0.001 kg/m2) of eelgrass 
(Vallisneria americana Michx) were collected from Lake Orienta in 
August, 1979. Coontail (Ceratophyllum demersum L.) eelgrass, and 
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0.001 kg/m2 • 
Three species in addition to hydrilla wer~ common to both Little 
Lake Fairview and Lake Mann, and provided the only data upon which to 
base an assessment of the effect of the grass carp upon non-t~rget 
species. Illinois pondweed ' (Potamogeton ·illinoensis Morong.) and 
stonewort (Nitella sp.) were better established in the stocked lake, 
Little Lake Fairview, than in Lake l1ann, while eelgrass was well 
established in both lakes. The growth of pondweed paralleled that of 
hydrilla in Little Lake Fairview. Pondweed biomass increased from 
a low in spring to a maximum in fall, and declined from fall to winter 
(Figure 8). In contrast, the biomass of pondweed in Lake l1ann was 
negligible until winter and consequently comprised less than one half 
of 1% of the annual mean biomass of all submersed macrophytic vegetat-
ion in the lake (Figure 8; Table 4). In Little Lake Fairview, 5% of 
the annual mean biomass consisted of pondweed. 
Less than 0.5% of the annual mean biomass in Lake Mann consisted 
of stonewort, while in Little Lake Fairview it comprised 9% of the 
annual mean (Table 4). The growth of stonewort mirrored the growth 
of hydrilla in Little Lake Fairview (Figure 8). In spring it com-
prised a greater proportion of the total biomass than either pondweed 
or eelgrass, and was still dominant over pondweed after a decrease in 
its biomass from spring to summer. In fall, when hydrilla, pondweed, 
and eelgrass were at their highest seasonal biomass, stonewort was 
at its lowest biomass for the year. As the other species decreased 
in biomass from fall to winter, the biomass of stonewort increased 
and was once again greater than that of pondweed. In Lake Mann, 
Figure 8. Seasonal mean biomass (kg/m2 - FW) of regularly occurring 
submersed macrophyte species in Little Lake Fairview (top) 
and Lake Mann (bottom) from March, 1979, to February, 1980. 
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stonewort biomass was ~eg~igible u~til summer and fall during which 
it was the least abundant species (Figure 8; Table 4). No stonewort 
was collected from Lake Mann during the winter months. 
Eelgrass was second only to hydrilla in abundance in Little Lake 
Fairview and Lake Mann, comprising 12% and 9% of the annual mean bio-
mass, respectively (Table 4). In both lakes, the growth of eelgrass 
paralleled the growth of hydrilla, increasing from a low biomass in 
spring to a maximum in fall, followed by a declining trend through 
winter (Figure 8). 
Hydrilla comprised a greater proportion of the submersed macro-
phyte community in Lake Mann than in Little Lake Fairview (Figure 8; 
Table 4). Competitive pressure exerted by hydrilla may have been 
responsible for the poor representation of pondweed and eelgrass in 
Lake Mann whereas in Little Lake Fairview the restriction of hydrilla 
growth by the grass carp may have relieved competitive pressure, 
allowing pondweed and stonewort to remain well established. 
In addition, Lake Mann contained two species not collected from 
Little Lake Fairview. Coontail comprised 6% of the annual mean bio-
mass of the submersed macrophytic vegetation in Lake Mann (Table 4) 
and steadily increased from a low biomass in spring to a maximum in 
winter (Figure 8). Southern naiad, Najas guadalupensis (Spreng.) 
Magnus comprised approximately 1% of the annual mean biomass in 
Lake Mann and exhibited no discernible trend in growth. While these 
species did not comprise a large proportion of the submersed macro-
phyte community of Lake Mann their presence could not be ignored, 
in fact, they may have been better established, had hydrilla not 
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dominated the submersed vegetatiop.. 
The growth trends of pondweed, eelgrass, and stonewort in 
Little Lake Fairview may reflect losses of biomass to the grass 
carp. However, the annual net primary production and net primary 
productivity of these species could not be obtained from the seasonal 
data and therefore a measure of their productivity could not be obtained. 
In addition, because of the poor growth of pondweed and stonewort in 
Lake Mann and their absence from Clear Lake no comparison of growth 
curves could be made for these species. While the growth of stone-
wort was different from that of eelgrass, pondweed, and hydrilla in 
Little Lake Fairview, there was no data to indicate that its biomass 
was affected by the grass carp. Again, due to the lack of comparative 
data and a measure of productivity, no conclusions could be drawn. 
Eelgrass is not a preferred food item of grass carp (Avault et al. 
1965; Sutton et al. 1978) which may explain its rank of second in 
abundance to hydrilla in Little Lake Fairview. The elimination of 
pondweed by the grass carp has not been documented in Florida, however, 
the abundance of pondweed was reduced in Deerpoint Lake, which was 
stocked with approximately 100,000 grass carp, 49 fish/ha, to 
control Myriophyllum spicatum L. or Eurasian watermilfoil (Hardin 
and Mesing 1979; Miley et al. 1978). A decline in the abundance of 
stonewort (Nitella sp.) was also documented in Deerpoint Lake (Hardin 
and Mesing 1979). 
Hydrilla was the most frequently occurring species collected in 
each lake. The percentage frequency of occurrence of hydrilla 
ranged from 52 to 72% in Little Lake Fairview, 60 to 80% in Clear 
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Lake, and 53 to 87% in Lake Mann (Table 5). In Lake Orienta, the 
percentage frequency of occurrence of hydrilla decreased from a high 
of 59% in }fuy to zero as the plant was eliminated from the lake 
(Table 4). 
The percentage frequency of occurrence is an index to the 
uniformity of the distribution of a species without reference to the 
quantity or size of the organism (Daubenmire 1968). A large pro-
portion of the biomass of a submersed macrophyte species could be 
removed without affecting its distribution and thus its percentage 
frequency of occurrence. For example, the percentage frequency of 
occurrence in Lake Orienta decrease 12% from May to June while 
hydrilla biomass decreased by 76%. A decrease in hydrilla biomass 
of 60% from June to July in Lake Orienta resulted in a decrease in 
the percentage frequency of occurrence of 40% (Table 5). In contrast, 
in Little Lake Fairview hydrilla biomass increased by 200% from 
the spring low biomass in April to the seasonal maximum in November; 
the percentage frequency of occurrence increased by 19% (Table 5). 
Tripling the initial biomass resulted in the collection of hydrilla 
at only eleven additiona sites. The biomass of hydrilla increased 
by 900% from April to December in Lake Mann, however, the per-
centage frequency of occurrence in December was identical to that 
of April (Table 5). While the biomass of hydrilla may increase or 
decrease dramatically, unless its distribution is greatly altered, 
the percentage frequency of occurrence may be virtually unaffected. 
Hydrilla tended to be concentrated at water depths less than 
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5.0 m. Areas of low hydrilla biomass at depths less than .5.0 m, 
usually contained l~rge quantities of non-target species. In Lake 
Mann, a region of low hydrilla biomass along the northern shore-
line contained a mixed stand of e~lgrass, pondweed- and coontail 
(Appendix). Eelgrass and pondweed were concentrated in a mixed 
stand along the southeastern shoreline of Little Lake Fairview. 
Hydrilla biomass was very low in this region of the lake as compared 
to the southwestern shoreline where non-target species biomass was 
minimal (Appendix). In all four of the study lakes conspicuous 
areas of low hydrilla biomass related to water depths greater than 
5 to 7 m are obvious as open areas on the distribution maps 
(Appendix). 
Eelgrass was the second most abundant species in Little Lake 
Fairview and Lake Mann. In Little Lake Fairview eelgrass varied in 
percentage frequency of occurrence from 3 to 32% monthly (Table 6) 
and was collected from depths to 5.0 m. Eelgrass was most abundant 
along the southeastern shoreline of Little Lake Fairview in a 
mixed stand with pondweed (Appendix). Eelgrass was collected from 
depths to 5.6 m in Lake Mann and ranged from 12 to 33% frequency 
of occurrence (Table 7). Eelgrass was found throughout Lake Mann 
generally at depths less than 1m (Appendix). 
The percentage frequency of occurrence of pondweed varied 
from 0 to 12% in Little Lake Fairview and 0 to 5% in Lake ~~nn 
(Tables 6, 7). Small quantities of pondweed occurred along the 
northern shoreline of Lake Mann in a mixed stand with eelgrass and 
Table 6. Percentage frequency of occurrence of submersed 
macrophyte species, other than hydrilla, collected 
from Little Lake Fairview. 
Pondweed Eelgrass 
March, 1979 5 13 
April 7 10 
May 10 22 
June 13 22 
July 17 32 
August 17 23 
September 17 25 
October 18 27 
November 15 20 
December 15 23 
January, 1980 19 29 
February 20 22 
March 7 3 
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coontail (Appendix). Pondweed was associated with eelgrass in 
Little Lake Fairvie"YJ in a mixed stand along the southeastern shore-
line (Appendix). Pondweed was collected from depths less than 3.0 m 
in both Little Lake Fairview and Lake Mann. 
Stonewort was found at water depths to 3.1 min Little Lake 
Fairview and 2.6 m in Lake Mann. In Little Lake Fairview, stonewort 
tended to be absent where pondweed and eelgrass were abundant but 
was interspersed with hydrilla in the southwestern portion of the 
lake (Appendix). Stonewort was found primarily along the south-
western shoreline of Lake Mann (Appendix). The percentage frequency 
of occurrence of stonewort reached 19% in Little Lake Fairview 
(Table 6) in contrast to 8% in Lake Mann (Table 7). 
Coontail was collected from Lake Mann at depths to 6.5 m but 
generally 1;.;as found at water depths less than 3. 0 m. It "tvas most 
dense at the far northern end of Lake Mann and along the south-
western shoreline (Appendix). The percentage frequency of occurrence 
of coontail varied from 3 to 17% monthly (Table 7). 
Southern naiad was found, primarily, along the southwestern 
shoreline of Lake Mann (Appendix) at water depths to 3.6 m. The 
percentage frequency of occurrence of southern naiad varied monthly 
from 0 to 10% (Table 7). 
As previously stated, hydrilla comprised a greater proportion 
of the submersed macrophyte community in Lake Mann than in Little 
Lake Fairview in which hydrilla growth was restricted by the grass 
carp. The low percentage frequency of occurrence of pondweed and 
stonewort in Lake Mann, as compared to Little Lake Fairview, may 
reflect greater competitive pressure exerted by hydrilla in 
Lake Hann. 
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SUMMARY 
With the exception of Lake Orienta, seasonal changes in 
hydrilla biomass were similar among lakes. Hydrilla was elim-
inated from Lake Orienta within six months of stocking grass 
carp in March, 1979. Hydrilla was not eliminated from Little 
Lake Fairview, however, its growth was restricted as was evident 
from the low seasonal maximum biomass, small annual net primary 
production, and reduced annual net primary productivity, com-
pared to those of the unstocked lakes, Clear Lake and Lake Mann. 
The difference in hydrilla control between Lake Orienta and 
Little Lake Fairview was attributed to the number of fish available 
to consume each metric ton of hydrilla in each lake, and not the 
number of fish/ha surface area. When stocked, Lake Orienta 
contained 19 grass carp/mt hydrilla while Little Lake Fairview 
contained only 9 grass carp/mt hydrilla. At 19/mt, the grass 
carp consumed hydrilla faster than it could be produced in Lake 
Orienta and thus it was eliminated. In Little Lake Fairview, the 
collective consumption rate of 9 grass carp/mt hydrilla could not 
exceed the net primary productivity; hydrilla growth occurred. 
Hydrilla was the dominant submersed macrophyte species in 
each of: the study lakes, throughout the year. Three species in 
addition to hydrilla were co~~on to Little Lake Fairview and 
Lake Mann and provided the only data upon which to base an 
evaluation of the effect of grass carp on non-target species. 
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Pondweed (Potamogeton illinoensis MOrong.) and stonewort (Nitella 
-- . 
sp. ) were more abundant and more widely distributed in Little Lake 
Fairview than in Lake Mann. Hydrilla comprised a greater pro-
portion of the submersed macrophyte community in Lake Mann, in 
which hydrilla growth was uncontrolled, than in Little Lake 
Fairview in which hydrilla growth was restricted by the grass carp. 
These results suggest that competition with hydrilla was more 
detrimental to non-target species in Lake Mann than was the 
stocking of grass carp in Little Lake Fairview. 
The percentaee frequency of occurrence proved to be of limited 
use for assessing changes in hydrilla populations. Fluctuations 
in hydrilla biomass up to 900% resulted in little or no change 
in the percentage frequency of occurrence. 
APPENDIX 
Distribution and abundance of regularly occurring submersed 
macrophyte species collected from Lake Orienta, Little Lake Fairview, 
Clear Lake, and Lake Mann. Dots represent the mean biomass of a 
species at each station for the 12 month period, March, 1979, to 
March, 1980. 
Figure 9. Distribution and abundance of hydrilla (Hydrilla 
verticillata Royle) in Lake Orienta. 
N 
r 
Lake Orienta 
Hydri lla verticillate Biomass, 1979-80 
2 kg/m - FW 0.25 0 .75 1.25 1.75 2 .25 
• 
Figure 10. Distribution and abundance of hydrilla in Little 
Lake Fairview. 
• 
N 
I 
• 
• • 
Little Lake Fairview 
Hydrilla vertic illata Biomass, 1979-80 
2 kg/m - FW 0 .25 0.75 1.25 1.75 2.25 
Figure 11. Distribution and abundance of hydrilla in Clear Lake. 
• 
• 
• • • 
• • 
• 
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r 
Clear Lake 
.Hydrillo vertjcillgta Biomass, 1979-80 
'2 kg/m - FW 0.25 0.75 1.25 1.75 2.25 
• 
Figure 12. Distribution and abundance of hydrilla in Lake Mann. 
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r 
Lake Mann 
Hydrilla vertjcillata Biomass, 1979-80 
kg/m2 FW o. 25 0 .75 1.25 1.75 2. 25 
• • 
Figure 13. Distribution and abundance of eelgrass (Vallisneria 
americana Michx.) in Little Lake Fairview. · 
• 
• • • 
• N 
•• r 
• • • 
• • 
Little Lake Fairview 
Vallisneria amencana Biomass, 1979- 80 
2 kg/m - FW 0.25 0.75 1.25 1.75 2.25 
• 
Figure 14. Distribution and abundance of eelgrass in Lake Mann. 
• • • • 
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• 
• • 
• • • N 
• • 
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Lake Mann 
Vallisneria americana Biomass, 1979-80 
kg/m2 FW 0.25 0.75 1.25 1.75 2.25 
• 
Figure 15. Distribution and abundance of pondweed (Potamogeton 
illinoensis Morang.) in Little Lake Fairview. 
N 
• r 
• • 
• 
Little Lake Fairview 
Potamogeton illinoensis Biomass, 1979 - 80 
kg/m2 - FW 0.25 0.75 1.25 1.75 2.25 
• 
Figure 16. Distribution and abundance of pondweed in Lake Mann. 
N 
r 
Lake Mann 
Potamogeton illinoensis Biomass, 1979-80 
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Figure 17. Distribution and abundance of stonewort (Nitella sp.) 
in Little Lake Fairview. 
• • 
• • 
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Little Lake Fairview 
Nitella sp. Biomass, 1979- 80 
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Figure 18. Distribution and abundance of stonewort in Lake Mann. 
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Lake Mann 
Nitella sp. Biomass, 1979-80 
kg/m2 FW 0.25 0.75 1.25 1.75 2.25 
• • 
Figure 19. Distribution and abundance of coontail (Ceratophyllum 
demersum L.) in Lake Mann. 
N 
r 
Lake Mann 
Ceratophyllum demersum Biomass, 1979- 80 
kg/m2 - FW 0.25 0 .75 1.25 1.75 2 .25 
• 
Figure 20. Distribution and abundance of southern naiad (Najas 
guadalupensis (Spreng.) Magnus) in Lake Mann. 
N 
r 
Lake Mann 
Najas quadaluoensis Biomass, 1979-80 
kg/m2 - FW 0.25 0.75 1.25 1.75 2.25 
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